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direct synthesis of a hierarchical
hollow MgO nanofiber–nanoparticle composite by
electrospinning†

Shijina S. Sainudeen, Lakshmi B. Asok, Anitta Varghese, A. Sreekumaran Nair
and Gopi Krishnan *

A hierarchical structure comprising decorated faceted nanoparticles (NPs) on hollow nanofibers (NFs)

combines the advantages of large surface areas of NPs and anisotropic properties of hollow NFs. Such

particular combinations are desirable for applications in batteries, dye-sensitized solar cells (DSSCs) and

catalysis. Herein we report a facile surfactant-driven unprecedented fabrication of hollow MgO

nanofibers (NFs) decorated with faceted MgO nanoparticles (NPs) via an electrospinning-thermal

treatment process. The MgO NF/NP composite was achieved in one step by adding a cationic surfactant,

cetyl trimethyl ammonium bromide (CTAB), to a solution containing a polymer and an MgO precursor

followed by electrospinning and calcination of the electrospun fibers in air. Tuning of the MgO NP size

and faceting of the NPs on the fiber surface was achieved by increasing the concentration of CTAB in

the solution used for electrospinning. In particular, increasing concentration and order of CTAB addition

to the spinning solution influences the MgO NPs decoration and coverage on the nanofibers, indicating

the possibility that a well-defined choice of NP density can be achieved. The faceted particles show

cube-, octahedron- and rod-like morphology depending on the growth rate of the h100i and h111i
directions. Furthermore, by employing a mixed solvent (methanol + DMF) strategy, we were able to

reduce the size distribution and control the shape of the faceted NPs only to octahedra. Moreover

a tentative mechanism for the formation of hollow MgO NFs and faceted NPs using TGA and FTIR

analysis has also been proposed. This new approach of surfactant driven electrospinning of a NP

decorated NF composite will have a strong impact on various applications as it is simple, effective and

straightforward.
Introduction

Nanostructures with all dimensionalities (zero-, one-, two- and
three-dimensions) have gained wide acceptance for different
applications due to their distinct physical/physicochemical,
electronic and optical properties that can be achieved by
tuning their size, composition and morphology.1–4 The catego-
rization is based on the number of quantum-conned dimen-
sions in these structures. For e.g. zero-dimensional (0D)
nanostructures are quantum conned in all dimensions and
one-dimensional (1D) nanostructures are conned in two
dimensions, two-dimensional (2D) structures are conned in
one and three-dimensional (3D) nanostructures are unconned
in all dimensions.5 In general, (0D) nanostructures, such as
nanoparticles with their large surface area, have found various
dicine, Amrita University, Kochi, Kerala
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important applications, e.g. in catalysis, where the shape and
size of the nanoparticles has a profound inuence in the cata-
lytic reactivity.6 Moreover, reactivity of the NPs can also be
enhanced by faceting, such as the increased reactivity of metal
(Pt, Pd and Au) and metal oxide (Cu2O, Fe2O3, Co3O4, TiO2,
SnO2) NPs.7–14

One-dimensional (1D) nanostructures such as nanobers
and nanorods possess' unique density of states that leads to
different optical, electronic and magnetic properties compared
to other dimensional nanostructures and their bulk counter-
parts. Therefore they have high demand in various applications
like water treatment, energy, catalysis and gas sensing.15–23 They
are also attractive due to their enhanced electron and phonon
transport properties, inherent to their unique dimension.
Though various techniques are available for the synthesis of
nanobers, electrospinning is considered as a versatile tech-
nique for its capability in large-scale synthesis of polymer and
ceramic bers.24–27 Recently, the advantages of combining both
0D (nanoparticles) and 1D (nanober/nanowire) nanostructures
have been studied for various applications, such as, lithium ion
batteries, DSSC and catalysis.6,15–23,28 Synthesis of hierarchical
This journal is © The Royal Society of Chemistry 2017
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structures have been reported by combining electrospinning
and hydrothermal,29 co-electrospinning–electrospraying,30

modied template-assisted method31 and also by step-wise
hydrothermal approach.32 Li et al. proposed the synthesis of
hybrid core-branch nanoarchitecture by integrating Fe2O3

nanoneedles on ultrane Ni nanotube arrays (NiNTAs).31 The
synthesis technique was based on a modied template-assisted
method, which employed a bottom-up strategy starting from
ultrane ZnO nanorod arrays. These nanorod arrays ensured
the formation of ultrane Ni nanotube arrays with ultrathin
tube walls. Thus developed NiNTAs@Fe2O3 nanoneedle elec-
trode demonstrated to be a highly capacitive anode for asym-
metric supercapacitors. Xia et al. also reported a solution-based
synthesis of hierarchical heterostructures of Ag nanoparticles
decorated MnO2 nanowires as promising electrodes for super-
capacitors.28 A stepwise hydrothermal approach for the
synthesis of hierarchical TiO2-B nanowire@a-Fe2O3 nanothorn
core-branch arrays with improved performance as a high
capacity anode for lithium-ion batteries was reported by Xia
et al.32 In addition, colloidal-electrospinning has also been
employedwhere organic/inorganic nanoparticles are dispersed in
a polymer-precursor solution and electrospun.16,30–39 For instance
Formo et al.33 have reported the functionalization of electrospun
TiO2 nanobers with Pt nanoparticles and nanowires by this
method. They showed an increased catalytic activity for the
hydrogenation of azo bonds in methyl red. Anjusree et al. has
reported the synthesis of TiO2 nanober–TiO2 nanoparticle
composite via combination of electrospraying and electro-
spinning for dye-sensitized solar cell (DSSC) applications.30 The
efficiency of the solar cell is substantially enhanced by the hier-
archical structure. Nam et al. reported the synthesis of Ag/Au
nanoparticle-embedded TiO2 nanober composite via electro-
spinning for use in lithium ion batteries.39 Moreover, a simple
synthesis methodology for such combinatory process with good
control of NP can bemore benecial for scaling-up the procedure
for various practical applications.

In this paper, the concept and value of hierarchical struc-
tures is further improved by considering a single-step process-
ing of hierarchical structures of nanoparticles with hollow
bers/nanotubes. Hollow nanostructures offer advantages in
terms of electronic activity and surface area enhancements with
the possibility of incorporating the nanoparticles both inside
and external to the walls. Further, for the rst time, the shape,
faceting and decoration of NP on NFs are controlled by the
unprecedented use of suitable surfactants that can enhance the
catalytic activity of the particles. Moreover, the added advantage
of faceted nanoparticles in combination with 1D can offer new
multi-functionalities for applications such as catalysis,
batteries, DSSC and gas sensing.6,15–23,30–39 We report for the rst
time a direct synthesis of hollow MgO NFs decorated with
faceted MgO NPs via electrospinning, where we combine both
these dimensions in a single nanoarchitecture just by the
addition of a surfactant. Since MgO is an important material,
which nds application in catalysis, water treatment, refractory
material, photocatalysis and as an adsorbent in separation of
CO2 from the ue gases,40–45 we have chosen MgO as the model
system for our interest.
This journal is © The Royal Society of Chemistry 2017
Experimental
Synthesis of nanobers

The viscous solution for electrospinning was prepared by rst
adding 20 wt% of PVP to 10 mL of solvent (DMF) and stirred for
15 min to obtain a uniform clear solution. Later 16 wt% of
precursor (Mg(Ac)2$4H2O) was added to the clear polymer
solution while stirring. About 0.75 g CTAB was added to the
above solution mixture and stirred for 5–15 h to increase the
stability of solution. Aer stirring, the nal solution obtained
was turbid as the solubility of CTAB is less in DMF and for
making it a completely clear solution, it was further stirred at
35 �C for 5–10 minutes before electrospinning. The viscous
precursor solution was taken in a 20 mL syringe with 0.90 � 38
mm needle attached to it. A 29 kV (+25 kV and �4 kV) voltage
was applied between the needle tip and the aluminium foil
collector, which was maintained at a distance of 17 cm.
Humidity and temperature inside the electrospinning chamber
were maintained at 20% and 25 �C, respectively. The solution
was pumped into the needle tip inside the chamber at a ow
rate of 1 mL h�1. The as-prepared Mg(Ac)2$4H2O/PVP/CTAB
composite ber was then sintered in air at 500 �C for 12 h to
obtain hollow MgO nanobers with faceted MgO nanoparticles
on the ber surface.
TEM analysis

TEM analysis of MgO NFs/NP composite ber was done using
FEI Tecnai – F20 operating at 200 kV. TEM sample was prepared
by placing a few pieces of MgO NFs/NP powder on carbon-
coated copper grid and by gently pressing such that they
adhere strongly to the surface.
Results and discussion

Fig. 1 shows bright-eld transmission electron microscopy
(TEM) analysis of hollow MgO nanobers synthesized via elec-
trospinning without the addition of CTAB. The MgO bers were
clearly identied of being hollow from the contrast difference
arising in the image, which is uniform for all the bers.
Selected-area electron diffraction (SAED) analysis indeed
conrms the presence of MgO bers with face centered cubic
structure. It also conrms the polycrystalline nature of the
bers. The interplanar distance ‘d’ obtained from the diffrac-
tion pattern are 2.43 Å for (1 1 1), 2.1 Å for (2 0 0) and 1.48 Å for
(2 2 0) planes, respectively, which matches exactly with the
JCPDS data of MgO (reference no. 78-0430). TEM analysis shows
that almost all the bers prepared are hollow aer calcination
in air medium compared to previous reported work on MgO
showing the combination of hollow and solid bers.46

Fig. 2(a)–(c) show the bright-eld TEM images of the MgO
nanobers (electrospun with the CTAB surfactant) calcined at
500 �C. In comparison with Fig. 1, TEM image of MgO NFs
(spun with CTAB) show the presence of NPs on the surface of
MgO NFs. This clearly indicates surface modication of the NFs
with the addition of the surfactant (CTAB). The ber diameter is
reduced in comparison to the bers produced without the
RSC Adv., 2017, 7, 35160–35168 | 35161
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Fig. 1 (a), (b) & (c) shows the bright-field TEM image of hollow MgO NFs at different magnification synthesized without addition of CTAB. (d)
Selected Area Electron Diffraction (SAED) pattern of the MgO nanofibers.
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addition of CTAB. Detailed investigation of the ber surface was
also done using eld-emission scanning electron microscopy
(FESEM) (Fig. 2(e) and (f) & 3(c) and (f)). FE-SEM images conrm
the presence of faceted nanoparticles decorated on the ber
surface. TEM images also clearly show that the particles that
modify the surface are faceted. The faceted particles showed
various projections on the ber surface with non-uniform
growth of the particles. They also appeared in various shapes
like cube, octahedron, rod, etc. In addition, the TEM images
conrm that the bers are hollow and the diameter of the bers
varied from 200–400 nm. Selected area electron diffraction
pattern of the sintered ber (shown in Fig. 2(a) inset) conrms
that the ber is indeed MgO. The high-resolution electron
microscopy (HRTEM) image in Fig. 2(d) shows the MgO (111)
plane with an interplanar distance of 0.245 nm, which matches
with pure MgO. Energy dispersive X-ray analysis (EDX) of the
faceted nanoparticles also conrms that the faceted NPs are
indeed MgO (ESI Fig. S3†).

The decrease in ber diameter with the addition of CTAB
could be due to the increased charge density of the solution that
increases the motion instability, leading to a longer spiral path
of the drawn bers to reach the target.47 The nanober diameter
usually decreases with increase in the surfactant concentration
to the electrospinning solution.48,49 This is due to the fact that
35162 | RSC Adv., 2017, 7, 35160–35168
the surfactant forms micelles in the solution thereby forming
polymer–surfactant complex. The complex thus formed has
a major role in the solution properties, which in turn affects the
ber morphology. It increases the solution viscosity and
conductivity but decreases the surface tension. Our experiment
also conrms that increasing the concentration of CTAB from
0.1 g to 0.75 g shows the reduction of ber diameter from
�400 nm to �200 nm (ESI Fig. S4†) which is in contradiction
with the viscosity readings of the solution that shows an
increasing trend (ESI Table 1†). Normally the diameter of the
bers increases with the increase in viscosity of the spinning
solution.26 It is evident that size distribution and faceting of the
NPs were better controlled with increasing CTAB concentration.
Moreover, at 0.75 g addition of CTAB, NP size reduction and
a better size distribution of NPs on NF surface have been
observed. Furthermore, the faceting of nanoparticles also tends
to be distinct and highly pronounced with increasing concen-
tration of CTAB for e.g. 0.75 g (ESI Fig. S5†). The above analysis
was based on our experimental results that conrm the faceting
of nanoparticles only aer 0.25 g of the CTAB addition to the
solution as the 0.1 g shows only spherical particles. This is due
to increased concentration of CTAB molecules that increases
the micellization process and number of micelles formed,
which has a pronounced effect on the growth of particles as they
This journal is © The Royal Society of Chemistry 2017
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Fig. 2 (a) & (b) shows the bright-field TEM image of hollowMgONFs/NPs composite fiber at different magnification synthesized with addition of
CTAB. Inset in (a) shows the diffraction pattern of the MgO NFs/NPs composite, which matches with interplanar distance “d” of MgO. (c) High
magnification bright-field TEM image of the faceted MgO NPs on the fiber surface. Inset shows a single fiber TEM image, of which the faceted
MgO NPs is shown in figure. (d) High resolution TEM image of the MgO NPs formed on the surface of fiber. (e, f) shows the SEM images of the
MgO NF/NP composite.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
Ju

ly
 2

01
7.

 D
ow

nl
oa

de
d 

on
 1

/1
9/

20
26

 6
:3

1:
37

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
tend to be adsorbed on them. Now the capping effect of CTAB
also increases with the increase in the concentration thereby
making the particles faceted.50 Moreover, increased number of
micelles in the solution also leads to a decrease in particle size
as well as observed with increase in CTAB addition.

In order to study the effect of surfactant (CTAB) on the
formation of faceted particles and the subsequent surface
modication, we have changed the order of CTAB addition to
the electrospinning solution. First CTAB–Mg(Ac)2$4H2O were
added followed by PVP to make the electrospinning solution
This journal is © The Royal Society of Chemistry 2017
and the corresponding calcined NFs were analyzed using bright-
eld TEM imaging. Results shown in Fig. 3(a)–(c) conrm that,
when the reagents were added in the above-mentioned order,
more particles were observed on the ber surface and the fac-
eting was also uniform, as most of them appeared cube and rod
in shape. Fig. 3(b) and (c) shows that the NP decorated on the
surface appears to cover around the NFs similar to a core/shell
structure of MgO ber core/MgO NP shell. In addition, the
coverage of the NP on the ber is more dense and uniform. The
observed structure and phenomenon could be due to increased
RSC Adv., 2017, 7, 35160–35168 | 35163
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Fig. 3 Bright-field TEM and SEM images of calcinated fibers with different order of CTAB addition. (a, b, c) shows NF/NP composite formation
with addition of CTAB and metal precursor prior to polymer. (d, e, f) shows the effect of NF/NP formation with metal precursor and polymer
addition prior to CTAB.
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interaction of precursor molecules (Mg(Ac)2$4H2O) with CTAB
(resulting in complete micelle formation) than with the polymer
resulting from the order of addition. Fig. 3(d)–(f) shows that
when the order is changed/reversed with precursor added rst
followed by polymer and then CTAB, the conformal and dense
coating disappeared and only a surface modication by faceted
NPs is observed. From the above-mentioned observation, it is
evident that the order of CTAB addition has an inuence on the
NPs distribution and decoration on NFs.

Critical nuclei that act as a seed for NP formation are
generally polyhedral in shape in order to minimize the surface
energy. Similarly the critical nucleus of an FCC for NP
35164 | RSC Adv., 2017, 7, 35160–35168
nucleation is a truncated cuboctahedron as it has a minimum
energy barrier to form a critical nucleus. This is an equilibrium
shape, which contribute to the formation of cube and octahe-
dron shapes that can be observed from Fig. 2. Moreover, these
shapes, which can be realized by kinetically controlling the
relative growth rates of facets, are completely dependent on the
preferential adsorption of CTAB on {100} or {111} facets. The
ratio of growth rate along h100i and h111i direction of the seed
crystal will determine the nal shape of particles as cube,
octahedron and rod as shown in the TEM images of Fig. 2 and 3.
The {100} facets enclose cube shape as a consequence of
preferred growth along h111i, {111} facets enclose octahedral as
This journal is © The Royal Society of Chemistry 2017
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a preferential growth in h100i, rod shapes are observed due to
uniaxial continuous growth in [111]. Furthermore from Fig. 3,
formation of uniform faceted NPs in shape with different
projection on the ber surface could also be observed.

Now to see the effect of solvent's role in surface modication,
we have prepared the precursor/PVP/CTAB electrospinning
solution not only in DMF but also in ethanol. Results with
ethanol also showed the surface modication and NPs decora-
tion on NF morphology similar to that of DMF (ESI Fig. S6†).
Moreover, faceting of the particles and their distribution was
not as similar to the observation with pure DMF solvent.

Further by employing a solvent mixture strategy of (DMF +
methanol) in 50 : 50 ratio instead of pure DMF solvent, the NP
decorated NF morphology is not only preserved but at the same
time the size of the MgO NP decorated on the ber is decreased
to �40 to 60 nm as compared to �80 to 90 nm with pure DMF.
More importantly the faceting and shape of the NPs as shown in
Fig. 4(a) and (b) are very well controlled to only octahedral
shape, which was difficult to achieve in the case of pure DMF.
The NPs are enclosed with {111} facets. We have chosen
methanol as one of the solvents in combination to DMF as
CTAB is completely soluble inmethanol. Heremethanol is more
polar than DMF and it belongs to polar protic solvent category
compared to polar aprotic nature of DMF, which increases the
overall polarity of the solution hence enhances and controls the
micelle formation.51–53 Please note that the heating of spinning
solutions to 35 �C prior to electrospinning was mandatory to
achieve the faceted particles on the ber surface in all the cases
shown in Fig. 2–4. In addition we have tried also with a solvent
mixture of (DMF + ethanol) in a 50 : 50 ratio but the control of
particle size and shape that was achieved with (methanol +
DMF) were not observed in the former case.

Now, in order to understand a plausible mechanism, we will
try to obtain more insight in to the NP/NF formation. In general,
addition of CTAB to the electrospinning solution formsmicelles
below or near to CMC (Critical Micelle Concentration) and also
forms PVP–CTAB complex in DMF.53,54 Moreover, PVP also
bonds with Mg2+ ions from the metal precursor and leads to the
Fig. 4 (a) Bright field TEM image of MgO nanoparticle decorated MgO
image at high magnification showing the uniform distribution of octahe

This journal is © The Royal Society of Chemistry 2017
formation of hollow ber morphology as explained below,
whereas CTA+ – head group of CTAB bonds with the hydroxyl
group of Mg(OH)(OCH3) organic intermediate and promotes
the growth of NPs in specied direction leading to faceted NPs.6

Please note that capping effect of PVP also contributes a signif-
icant role in the faceting of the particles enclosed in the CTAB
micelles.55,56 Fourier transform infrared spectroscopy (FTIR)
data shown in Fig. 5 conrms the presence of –OH group at
3300 cm�1 and –CH3 group (2927 cm�1) in PVP/Mg(Ac)2$4H2O/
CTAB composite ber conrming the presence of
Mg(OH)(OCH3) molecular intermediate which is completely
absent in the PVP/Mg(Ac)2$4H2O composite ber. The micelles
become stable on stirring for 5–15 h and also get distributed
uniformly in the solution. Furthermore, conrmation on the
formation of NPs on ber surface can be understood from
Thermo Gravimetric Analysis (TGA) shown in Fig. 5 of PVP/
Mg(Ac)2$4H2O/CTAB and PVP/Mg(Ac)2$4H2O composite bers.
From both the graphs (a) & (b), it is clear that CTAB decomposes
rst as its decomposition temperature is �250 �C (ref. 57) fol-
lowed by Mg(Ac)2$4H2O (Tdecomp � 375 �C)58 and nally PVP
(Tdecomp � 480 �C).59 The Mg(OH)(OCH3) species in the micelles
decompose while calcined in air to formMgOwithout losing the
faceted particle morphology. Non-uniform growth and the
observed morphology of the NPs on the surface can be under-
stood due to the formation of polymer micelle complex and the
combined capping effects of the polymer and surfactant.
Moreover we also found that heating of electrospinning solu-
tion at 35 �C prior to electrospinning plays an important role in
the observation of above-mentioned hierarchical structure of
NP/NF composite. As the non-heated electrospinning solution
with CTAB in the case of ethanol, DMF + ethanol and DMF +
methanol did not show the formation of such morphology. In
the solution preparation we combine stirring and heating of the
solution at 35 �C for 5–10 minutes before spinning. Using DMF
as solvent, the stirring of the solution for long hours only lead to
a turbid milky solution and a clear solution was only achieved
followed by heating the solution. The experimental observation
clearly shows that heating of the solution to 35 �C is playing an
fibers prepared using a solvent mixture of (DMF + methanol). (b) TEM
dron shaped MgO NPs decorated on MgO NFs.

RSC Adv., 2017, 7, 35160–35168 | 35165
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Fig. 5 (i) Fourier transform infrared spectroscopy (FTIR) of (a) PVP, (b) CTAB, (c) Mg(ac)2$4H2O, (d) Mg(ac)2$4H2O/PVP composite fiber and (e)
Mg(ac)2$4H2O/PVP/CTAB composite fiber. (ii) Thermogravimetric analysis of (a) Mg(ac)2$4H2O/PVP/CTAB composite fiber and (b) Mg(ac)2-
$4H2O/PVP fiber.
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important role in the stability and formation of micelles. Since
the CMC value for CTAB will depend on the added solvent
mixture and the corresponding Kra temperature where the
micelle formation starts to occur.54 The increase in temperature
is allowing the stabilization of micelles or the decrease in CMC
value above room temperature, which enhances the micelle
formation at that temperature. In addition an increased
temperature enhances the micelle formation by weakening the
hydration of the surfactant's hydrophilic group.53

The hollow ber formation observed in all the cases (ethanol,
methanol, DMF) can be attributed to the phase separation of PVP
and Mg(Ac)2$4H2O due to solvent evaporation. PVP has a strong
interaction with the solvents than the precursor-solvents and PVP-
Fig. 6 Schematic diagram showing the formation of surface modified h

35166 | RSC Adv., 2017, 7, 35160–35168
precursor.60 During the process of electrospinning and collection
of bers, the solvent starts evaporating and PVP starts to phase
separate from the metal oxide precursor and moves along the
direction of increasing concentration gradient of the solvent,
which is to the center of the ber.61 Later during calcination of as-
spun bers, the complete decomposition of Mg(Ac)2$4H2O takes
place rst since its decomposition temperature is lesser in
comparison to PVP. The decomposition of magnesium acetate
produces Mg2+ ions that react with oxygen at the ber surface to
rst nucleate and later to the formation of MgO that can be
understood from Fig. 5. Further the Mg(Ac)2$4H2O present in the
central polymer rich region also diffuses towards the surface due
to the concentration gradient of Mg(Ac)2$4H2O that exists from
ollow fibers via electrospinning.

This journal is © The Royal Society of Chemistry 2017
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inside to outside and nally the formation of MgO shell with PVP
core occurs. On further increase in the temperature, PVP which
acted as a template for hollow ber formation, starts decompos-
ing and the gaseous products thus formed diffuses out pulling the
MgO particles to align together forming the shell of hollow ber
and making it porous as well.62

Moreover, the formation of faceted NPs on the ber surface
can be understood by the following explanation (Fig. 6 – sche-
matic diagram). Initially when PVP and Mg(Ac)2$4H2O are
mixed in DMF, Mg2+ ions interacts either with the oxygen atom
or the nitrogen atom in the pyrrolidone ring of PVP forming
a metal ion–polymer complex (Fig. 4). Once CTAB is added, it
rst forms a complex with polymer and later forms micelles,
which encloses the molecular intermediate Mg(OH)(OCH3)
nuclei from precursor molecules in the solution. Later, on
stirring for 5–15 h at room temperature and followed by heating
at 35 �C, the formed micelles become stable and tend to
uniformly disperse throughout the solution. This clear differ-
ence in the formation of NPs on the ber surface can be due to
the increased stability of the CTAB micelles at the increased
temperature that holds the particles inside intact for the
observed morphology. From the FTIR graph shown in Fig. 5 it is
evident that the positive head group (CTA+) of CTAB attaches to
the hydroxyl group of precursor. On electrospinning, phase
separation between PVP and precursor molecules starts to occur
as the solvent evaporates, leading to a core–shell morphology
with polymer rich region forming the core and precursor rich
region forming the shell. In this process, CTAB micelles
enclosed with Mg(OH)(OCH3) molecular intermediate are
driven to the surface of the ber as a consequence of phase
separation and also during electrospinning they are driven to
the surface as they cannot be embedded in the ber body unless
the micelle size is less or concentration of CTAB is very high.
Moreover, surface energy minimization and preferential
adsorption of CTAB on {111} or {100} planes drives the NP to be
faceted and form polyhedral morphologies. Furthermore
during calcination in open air removes the CTAB molecules
with the conversion of Mg(OH)(OCH3) molecular intermediate
to pure MgO. Finally this results in the formation of hierarchical
hollow MgO nanober–nanoparticle composites.

Conclusion

We have reported the surfactant (CTAB)-driven direct synthesis
of hierarchical hollow MgO NFs decorated with faceted MgO
NPs by electrospinning. By increasing the concentration of
CTAB, faceting of nanoparticles and ber diameter were
controlled. We report for the rst time that the coverage of
faceted NPs and its distribution can be controlled by the order
of CTAB addition to the electrospinning solution. This is mainly
due to the enhanced interaction of CTAB molecules with
precursor molecules. Moreover employing a mixed solvent
approach of methanol + DMF, the possibility of controlling the
shape and size of the faceted NPs were feasible in comparison to
pure DMF. The formation of micelles and their stability in the
electrospinning is a crucial factor in determining the above
hierarchical structure. Further a possible mechanism for the
This journal is © The Royal Society of Chemistry 2017
formation of ber–particle morphology and hollow ber
formation has been proposed using TGA and FTIR. Finally this
novel yet simple protocol for the synthesis of faceted NPs and
hollow NFs composite can be easily extended/extrapolated to
other material combination for various applications.
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